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HIGHLIGHTS 


• Coconut fiber (CF), its biochar and their blends with lignite were pyrolyzed. 

• CF and its biochar showed different nitrogen partitioning between HCN and NH 3 . 

• Interactions between CF/biochar and lignite decreased HCN and NH 3 yields. 

• Less HCN+NH 3 and more N 2 were generated from biochar/lignite pyrolysis. 

. Enhanced benefits can be achieved from biochar/lignite co-processing. 
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In the present study, the conversion of fuel-N to HCN and NH 3 was investigated during rapid pyrolysis of 
raw biomass (coconut fiber), its corresponding biochar and their blends with lignite within a temperature 
range of 600-900 °C. The results showed that the raw biomass and the biochar showed totally different 
nitrogen partitioning between NH 3 and HCN. HCN was the dominant nitrogen pollutant from pyrolysis of 
raw biomass, while for the biochar pyrolysis the yield of NH 3 was slightly higher than that of HCN. Syn¬ 
ergistic interactions occurred within both raw biomass/lignite and biochar/lignite blends, especially for 
the biochar/lignite blend, and resulted in reduced yields of HCN and NH 3 , decreased the total nitrogen 
percentage retained in the char and promoted harmless N 2 formation. These findings suggest that bio¬ 
char/lignite co-firing for energy production may have the enhanced benefit of reduced emissions of nitro¬ 
gen pollutants than raw biomass/lignite. 

© 2013 Elsevier Ltd. All rights reserved. 


1. Introduction 

Biomass and coal co-firing for heat and power production in 
existing coal-fired power plants is viewed as a key strategy of com¬ 
bining the utilization of biomass energy with the substantial 
reduction of CO2 discharged into the atmosphere. In recent years, 
extensive studies associated with biomass and coal co-processing 
have been carried out. These studies have been mostly focused 
on thermal conversion characteristics of biomass/coal co-process¬ 
ing systems (Haykiri-Acma and Yaman, 2007; Jones et al., 2005; 
Kwong et al., 2007; Lu et al., 2013; Park et al., 2010; Vuthaluru, 
2004). For example, the addition of sawdust to coal changed the 
pyrolysis product streams significantly, resulting in decreased char 
and tar yields, and increased gas product yield (Park et al., 2010). 
The pyrolysis of three different types of coal in the presence of 
pinewood decreased aromatics and increased phenols in the resul¬ 
tant pyrolysis oil (Jones et al., 2005). Compared with coal combus- 
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tion alone, the biomass/coal co-firing process had lowered 
combustion temperature and reduced energy output (Kwong 
et al., 2007). 

However, raw biomass is not an ideal solid fuel, and large-scale 
applications of biomass/coal co-firing are restricted by inherent 
properties of biomass materials such as poor grindability and low 
energy density (Ibrahim et al., 2013; Khan et al., 2009). The poor 
grindability, caused by the fibrous structure of biomass feedstock, 
creates a challenge for fuel preparation and feeding to the process 
unit. The low energy density resulting from high oxygen content 
and high moisture content leads to significant costs for the trans¬ 
portation and storage. It is, therefore, necessary to enhance the fuel 
quality of raw biomass prior to co-processing with coal. Low tem¬ 
perature pyrolysis is one of attractive technologies to upgrade bio¬ 
mass feedstocks. The resultant biochar exhibits improved fuel 
quality compared to raw biomass including elevated energy den¬ 
sity and increased grindability, addressing the key problems that 
hinder the use of raw biomass as a direct fuel (Fisher et al„ 
2012; Ibrahim et al., 2013; Parket al., 2012). As an example, energy 
consumption for the grinding of torrefied biomass was 
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significantly decreased compared to that of untreated biomass 
(Phanphanich and Mani, 2011). In addition, with the improved 
physicochemical properties, favorable thermal conversion charac¬ 
teristics have been observed by the use of biochar. For example, 
the gasification of pyrolytic biochar produced more H 2 and CO than 
that of raw biomass (Chen et al„ 2013). Compared to raw biomass 
pyrolysis, H 2 and CH 4 were enriched in the syngas, and the in¬ 
creased concentrations of phenols and sugars and reduced concen¬ 
trations of guaiacols and furans were reported from the pyrolysis 
of torrefied biomass (Ren et al„ 2013). 

Apart from thermal conversion efficiency, as a direct fuel, emis¬ 
sion of gaseous pollutants from the combustion of raw biomass 
materials is also one of the key issues in the context of developing 
advanced clean and renewable energy technology (Khan et al., 
2009). Pyrolysis is the initial step for the combustion; therefore, 
understanding nitrogen conversion during pyrolysis is essential 
to efficiently control the formation of nitrogen pollutants, NO x 
and N 2 0, from subsequent combustion. Some studies have re¬ 
ported total nitrogen distribution in product streams during indi¬ 
vidual biomass and coal pyrolysis. It appears that nitrogen 
conversion depends on many factors including pyrolysis conditions 
and starting biomass feedstocks (Glarborg et al., 2003). For exam¬ 
ple, due to high contents of lignin in lignocellulosic biomass, much 
more HCN than NH 3 was formed from the pyrolysis of lignocellu¬ 
losic biomass than aquatic biomass (Yuan et al., 2010, 2011). Coal 
pyrolysis indicated that the coal type played an important role in 
the distribution of nitrogen among HCN, NH 3 and N 2 , and Fe-con- 
taining materials served as a catalyst to promote N 2 formation (Wu 
and Ohtsuka, 1997a). As for biomass/coal co-pyrolysis, synergistic 
interactions between biomass and coal were reported, leading to 
decreased char-N yield and increased volatile-N yield. However, 
the total amount of NH 3 and HCN, in volatile decreased from bio¬ 
mass/coal co-pyrolysis (Yuan et al., 2010, 2011). It was also re¬ 
ported that the addition of hydrothermally pre-treated biomass 
in lignite suppressed the formation of HCN and NH 3 , and promoted 
the nitrogen conversion into harmless N 2 at temperatures >800 °C 
(Liu et al., 2013a). 

A number of studies have been reported on nitrogen conversion 
during coal pyrolysis, while studies dealing with nitrogen conver¬ 
sion during raw biomass pyrolysis alone and raw biomass/coal co¬ 
pyrolysis are relatively sparse (Hansson et al., 2004; Glarborg et al., 
2003; Tian et al., 2007; Yuan et al., 2010, 2011). It was reported 
that the interactions occurring between biomass feedstocks and 
coal are associated with the similarity of their fuel ranks during 
raw biomass and coal co-pyrolysis (Moon et al., 2013). With the 
enhanced fuel quality, the interactions occurring between biochar 
and coal are expected to differ from those between raw biomass 
and coal, leading to different nitrogen containing emissions from 
raw biomass pyrolysis (Moon et al., 2013). 

With the increasing importance of biomass energy, large 
amounts of biochar will be produced in the near future. To the best 
of our knowledge, no information is currently available for the for¬ 
mation and relative distributions of HCN and NH 3 during pyrolysis 
of biochar and its blends with coal. In the present study, the con¬ 
version of fuel-N was investigated during pyrolysis of raw biomass, 
its corresponding biochar and their blends with lignite to assess 
the environmental benefits of biochar/coal co-processing. 


2. Methods 

2.1. Materials 

Coconut fiber (CF) was selected as a representative biomass due 
to its abundance in tropical areas in the present study. The biochar 
was produced from typical pyrolysis upgrading of raw biomass and 


detailed procedures were reported elsewhere (Liu and Balasubra¬ 
manian, 2013a). Briefly, CF was heated from room temperature 
to 350 °C under an inert atmosphere. A temperature of 350 °C 
was chosen because previous experiments have shown it to be 
suitable for biochar production as solid fuel (Liu and Balasubrama¬ 
nian, 2013a; Park et al., 2012). After maintaining at 350 °C for 
20 min, the reactor was cooled down to room temperature. The 
biochar was recovered as a solid residue and labeled as PY-CF. 
The lignite sample was obtained from Pasar, Indonesia. All the fuel 
samples were dried at 105 °C for 24 h and crushed to less than 
125 pm for the subsequent pyrolysis. The fuel blends were pre¬ 
pared using lignite weight fraction of 75%. Table 1 presents ulti¬ 
mate and proximate analysis results of each fuel used in the 
present study. 

2.2. Pyrolysis 

A horizontal fixed-bed tubular quartz reactor (60 mm i.d., 
1600 mm long) connected to a gas trap was used for the pyrolysis 
experiments. In each run, about 0.6 g of the fuel sample was loaded 
into an alumina boat that was then placed inside the quartz tube. 
Argon gas (flow rate 100 ml/min) was introduced into the pyrolysis 
system to maintain an inert atmosphere around the fuel sample. 
After the furnace was heated to the pre-determined temperature, 
the fuel sample was positioned within the heated area by pushing 
the quartz tube further into the furnace. The fuel sample was pyro- 
lyzed at the preset temperature (600-900 °C) for 20 min, followed 
by keeping it out of the heating area and then cooling it down to 
the room temperature. Gaseous HCN and NH 3 produced during 
pyrolysis were collected by absorption in 20 mmol/L NaOH and 
2 mmol/L HN0 3 solutions in gas traps, respectively. Separate runs 
were carried out for collecting NH 3 and HCN produced because 
HCN and NH 3 have non-negligible solubilities in HN0 3 and NaOH 
solutions, respectively. Three replicates of each pyrolysis experi¬ 
ment were performed to ensure reproducibility of the emissions. 

2.3. Quantification 

The carbon, hydrogen, sulfur and nitrogen contents were deter¬ 
mined using a Vario MACRO cube Elemental Analyzer (USA). As for 
the metal content analysis, the fuel sample was digested in mixed 
acid solutions and the metal concentration (K, Na, Ca and Fe) in the 
solution was quantified by ICP-OES Perkin Elmer 3000DV (USA). 
The char fraction that remained in the alumina boat was weighted 
and its nitrogen content (char-N) was determined. The quantity of 
NH 3 was measured using a Flow Injection Analyzer (F1A) 


Table 1 

Ultimate analysis, proximate analysis and major metal content analysis of CF, PY-CF 


Fuel CF PY-CF 


Ultimate analysis (dry ash free, wt%) 

C 47.75 67.51 

H 5.61 3.95 

N 0.90 1.01 

S 0.23 0.37 

O (By difference) 45.51 27.16 

Proximate analysis (dry base, wt%) 

Volatile matter 80.69 30.02 

Fixed carbon 10.26 60.81 

Ash 9.05 9.18 

Major metal content analysis (dry base, wt%) 

K 1.61 3.13 

Ca 0.34 0.69 

Na 0.12 0.24 

Fe 0.02 0.04 


61.64 

5.72 

1.74 

0.77 

30.13 


48.06 

40.68 

9.26 


0.04 

2.86 

0.10 

0.59 
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(Quickchem 8500, Lachat Instrument). For HCN, its concentration 
was determined using an ion chromatograph (ICS-2000, Dionex) 
equipped with an amperometer detector (An IonPac AS7 Column 
was used and the eluent was CH 3 C00Na (100 mmol/1) with the 
flow rate of 10 pl/min). The yields of char-N, HCN and NH 3 were 
calculated as a percentage of total nitrogen in the fuel sample. 

3. Results and discussion 

We have recently reported the nitrogen conversion during the 
pyrolysis of lignite within a temperature range of 600-900 °C 
(Liu et al„ 2013a). This work focused on the comparative evalua¬ 
tion of CF and PY-CF, and the influences of their additions to lignite 
on the total nitrogen distribution during co-pyrolysis. 

3.1. Pyrolysis of individual CF and PY-CF 

HCN and NH 3 are commonly believed to be two important pre¬ 
cursors of NO x and N 2 0 resulting from solid fuel combustion; 
therefore, it is very important to determine the yields of HCN 
and NH 3 from CF and PY-CF pyrolysis to achieve a cleaner combus¬ 
tion. As can be seen from Fig. 1, CF and PY-CF showed totally differ¬ 
ent patterns of total nitrogen partitioning between HCN and NH 3 . 
HCN was the dominant nitrogen pollutant from the pyrolysis of 
CF, and the yield of HCN was much higher than that of NH 3 , espe¬ 
cially at low temperatures. For example, HCN and NH 3 accounted 
for 8.5 and 2.8% of total nitrogen at 600 °C pyrolysis, respectively. 
In contrast, NH 3 was the main pollutant from PY-CF pyrolysis and 
the difference of the yields between HCN and NH 3 was only mar¬ 
ginal at entire temperature range, similar to that of lignite pyroly¬ 
sis (Liu et al„ 2013a). The yields of HCN and NH 3 were 2.4 and 2.5% 
at 600 °C, and 1.8 and 1.9% at 900 °C from PY-CF pyrolysis. In addi¬ 
tion, the temperature played an important role in the nitrogen par¬ 
titioning between HCN and NH 3 for both CF and PY-CF. The yields 
of HCN and NH 3 decreased with the increasing pyrolysis tempera¬ 
tures for both CF and PY-CF with the exception of NH 3 yield from 
CF pyrolysis. In the case of the NH 3 yield from CF pyrolysis, it in¬ 
creased with the increasing temperatures, reaching a maximum 
of 3.2% at 800 °C and then its yield decreased with the further 
increasing temperatures up to 900 °C. In comparison to PY-CF, 
more HCN and NH 3 were generated from CF pyrolysis at all tested 
temperatures. The most important source of N 2 0 is believed to 
originate from oxidation of the gaseous HCN (Kilpinen and Hupa, 
1991). Therefore, more NO x and N 2 0 are expected from CF than 
those of PY-CF during subsequent combustion. 



Fig. 1. Nitrogen partitioning of HCN and NH 3 from CF and PY-CF at different 
pyrolysis temperatures (lignite for comparison). 


Nitrogen conversion during biomass pyrolysis is known to be 
closely related to the chemical composition of biomass materials 
(Yuan et al„ 2010, 2011). From the structural analysis, cellulose 
and hemicellulose originally contained in CF were totally decom¬ 
posed /carbonized and a part of lignin was also decomposed during 
pyrolysis upgrading (Liu et al„ 2013b). Therefore, the different 
nitrogen conversions for CF and PY-CF can mainly be ascribed to 
different chemical compositions of CF and PY-CF. In addition, it 
was reported that alkali and alkaline earth metal (AAEM) can sup¬ 
press the formation of HCN, and catalyze the conversion from fuel- 
N to NH 3 during coal pyrolysis (Ohtsuka et al„ 1997). Our previous 
study revealed that all the metals originally contained in raw bio¬ 
mass remain in the biochar during biomass pyrolysis upgrading 
(Liu and Balasubramanian, 2013b). As a consequence, the AAEM 
contents in PY-CF are higher than those of CF as confirmed in 
Table 1 (generally the contents of Ca, K and Na in PY-CF are two 
times higher than those in CF). Therefore enriched AAEM in 
PY-CF also partly contributes to different fuel-N partitioning of 
HCN and NH 3 during pyrolysis compared to CF. Lastly, HCN is be¬ 
lieved to be mainly generated from the thermal cracking of unsta¬ 
ble N-containing compounds in the volatiles while NH 3 is formed 
from more stable N-containing compounds in the nascent char 
during pyrolysis (Hansson et al., 2004; Yuan et al., 2010). Due to 
sharply lower volatile content of PY-CF (80.69% and 30.02% for 
CF and PY-CF, respectively), less polymerization reactions among 
volatiles presumably occurred during the pyrolysis of PY-CF than 
that of CF, resulting in less HCN formed during PY-CF pyrolysis. In¬ 
creased cavity in PY-CF also could lead to less polymerization, con¬ 
tributing to the low HCN yield from PY-CF pyrolysis. 

It is worth noting that the results obtained in this study are dis¬ 
tinctly different from those from previous reports in which in¬ 
creased lignin contents in biomass resulted in the increased HCN 
yield from pyrolysis (Yuan et al., 2010,2011 ). From the above anal¬ 
ysis, it is known that PY-CF has higher lignin contents than CF. 
However, NH 3 was the dominant nitrogen pollutant from pyrolysis 
of PY-CF, not HCN. These results support the conclusion made in 
our previous study: besides the total lignin content, the state of lig¬ 
nin in biomass materials is also important in governing the nitro¬ 
gen partitioning of NH 3 and HCN during pyrolysis (Liu et al„ 
2013a). 

In the present study, the total nitrogen in pyrolysis products was 
divided into three groups: char-N, (HCN + NH 3 )-N, (tar + N 2 )-N. 
The amount of (tar + N 2 )-N from each experiment was calculated 
by difference between the total fuel-N and the sum of char-N and 
(HCN + NH 3 )-N due to the difficulty of the collection and quantifica¬ 
tion of tar condensed inner side of tube. 

Fig. 2 shows the total fuel-N partitioning of each product group 
from CF and PY-CF pyrolysis. It was clear that more nitrogen re¬ 
tained in the char and less (tar + N 2 )-N was formed from PY-CF 
pyrolysis than those of CF pyrolysis. For both CF and PY-CF pyroly¬ 
sis, the yields of char-N and (HCN + NH 3 )-N decreased with the 
increasing temperature and the total nitrogen was mainly in the 
form of tar + N 2 at temperatures higher than 700 °C for CF and 
900 °C for PY-CF, respectively. 

For PY-CF pyrolysis, the char-N yield decreased with the 
increasing temperature and dominated at the temperature range 
of 600-800 °C. The yields of (HCN + NH 3 )-N and (tar + N 2 )-N were 
minimal at temperatures <700 °C. The combined amounts of these 
two groups only accounted for 11% and 18% of total nitrogen from 
pyrolysis at 600 and 700 °C, respectively. However, a sharp in¬ 
crease of (tar + N 2 )-N yield was observed when the pyrolysis tem¬ 
perature was higher than 800 °C. The yield of (tar + N 2 )-N 
increased from 5.9% to 26.8% with the temperature increase from 
600 to 800 °C, and with a further increase to 48.3% at 900 °C. In 
the case of CF pyrolysis, similar effect of temperature on the nitro¬ 
gen distribution was observed. When compared to PY-CF pyrolysis, 
















Z. Liu, R. Balasubramanian/Bioresource Technology 151 (2014) 85-90 



600 700 800 900 

Temperature (°C) 


Fig. 2. Nitrogen distributions of CF and PY-CF at different pyrolysis temperatures. 

the char-N yield was significantly lower while the yield of 
(HCN + NH 3 )-N was higher for CF pyrolysis at the entire tempera¬ 
ture range. The less pollutant emissions together with improved 
combustion behaviors of PY-CF indicate that as a solid fuel, except 
higher thermal efficiency, the additional enhanced environmental 
benefits can also be achieved by using pyrolytic biochars compared 
to raw biomass. 

3.2. Pyrolysis of CF/lignite and PY-CF/lignite blends 

Fig. 3 presents the total nitrogen partitioning of HCN and NH 3 
from pyrolysis of CF/lignite and PY-CF/lignite blends. The yields 
of NH 3 and HCN varied with the temperature for both blends. 
The addition of CF and PY-CF to lignite showed similar effects on 
HCN and NH 3 yields from co-pyrolysis: the yields of HCN and 
NH 3 increased initially with the increasing temperature reaching 
a maximum and then decreased with a further increase of pyroly¬ 
sis temperature. For CF/lignite blend, the yields of HCN and NH 3 
reached their maximum at 800 °C, with 2.8 and 2.9% for HCN and 
NH 3 , respectively. In the case of PY-CF/lignite pyrolysis, HCN and 
NH 3 reached their maximum yield at 700 °C (1.4%) and 800 °C 
(2.0%), respectively. 

Based on individual proportions of each fuel in the blends, with 
the assumption that there is no interaction between each compo¬ 
nent during co-pyrolysis, theoretical yields of HCN and NH 3 from 
CF/lignite and PY-CF/lignite were calculated by the following equa¬ 
tion (Eq. (1)): 

Yield mend = 25% x Yield^-a + 75% x Yield,_ lgnitc (1) 

The experimental and theoretical yields of HCN and NH 3 from 
the blends pyrolysis are shown in Fig. 3. PY-CF addition notably 
suppressed the formation of both HCN and NH 3 . Though less pro¬ 
nounced, similar trends were observed for the addition of CF to lig¬ 
nite. For PY-CF and lignite co-pyrolysis, the experimental yield of 
NH 3 decreased by 29.6% and 67.8% at 600 and 900 °C, respectively 
(relative to the theoretical yields), and the yield of HCN decreased 
by 12.6% and 48.4% at 600 and 900 °C, respectively. In the case of 
CF and lignite co-pyrolysis, the experimental yield of NH 3 de¬ 
creased by 11.3% and 31.8% at 600 and 900 °C, respectively, and 
that of HCN decreased by 2.3% and 11.0% at 600 and 900 °C, respec¬ 
tively. The experimental yields of both HCN and NH 3 were lower 
than those of theoretical values from CF/lignite and PY-CF/lignite 
pyrolysis, implying the environmental benefit of biomass/coal 
and biochar/coal co-pyrolysis than raw biomass, biochar and coal 
pyrolysis alone. 




Fig. 3. Theoretical and experimental nitrogen partitioning of HCN and NH 3 from (A) 
CF/lignite and (B) PY-CF/lignite blends at different pyrolysis temperatures. 

The experimental and theoretical nitrogen distributions from 
CF/lignite and PY-CF/lignite co-pyrolysis at different temperatures 
are shown in Fig. 4. For both blends, a monotonic trend was ob¬ 
served for the yields of char-N and (tar + N 2 )-N: char-N yield de¬ 
creased while the (tar + N 2 )-N yield increased with the increasing 
temperature. Minimum and maximum yields of char-N and 
(tar + N 2 )-N were obtained at 900 °C pyrolysis: 37.8 and 56.9% for 
CF/lignite and 34.5 and 63.4% for PY-CF/lignite, respectively. While 
for (HCN + NH 3 )-N, its yield increased with the increasing pyrolysis 
temperature, reaching a maximum at a temperature of 800 °C for 
both CF/lignite and PY-CF/lignite blends (5.7 and 3.3% for CF/lignite 
and PY-CF/lignite, respectively) and with further increased temper¬ 
ature, the yields decreased to 5.3 and 2.1% for CF/lignite and PY-CF/ 
lignite, respectively. In general, the effects of the addition of CF and 
PY-CF on (HCN + NH 3 )-N yields were minimal compared to the 
yields of char-N and (tar + N 2 )-N. The obvious deviation between 
theoretical and experimental nitrogen distributions confirms that 
some interactions between each component of the blends do occur 
during co-pyrolysis of CF and PY-CF blended with lignite. For both 
CF/lignite and PY-CF/lignite blends, the experimental char-N yields 
were lower than the theoretical values over the entire experimen¬ 
tal temperature range, indicating that the interactions decreased 
the nitrogen partitioning in char-N. In addition, the experimental 
(HCN + NH 3 )-N yields are lower than the theoretical values for both 
blends at all tested temperatures, implying that the interactions 
suppressed the formation of HCN + NH 3 during co-pyrolysis. This 
observation is in agreement with previous report in that the addi¬ 
tion of blue-green algae and water hyacinth to coal significantly 
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Fig. 4. Theoretical and experimental nitrogen distributions of (A) CF/lignite and (B) 
PY-CF/lignite blends at different pyrolysis temperatures. 
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et al„ 2001; Wu and Ohtsuka, 1997b). As for the higher N 2 yield 
from PY-CF/lignite pyrolysis, it most likely originated from the in¬ 
creased catalysis due to the higher content of these metals in PY-CF 
compared to those in CF. Given the low nitrogen content of biochar, 
reduced yields of HCN and NH 3 and increased yield of N 2 during 
pyrolysis, the blending of biochar with lignite may be an effective 
way to minimize emissions of nitrogen-containing pollutants. 

To further compare the effects of the addition of CF and PY-CF 
on nitrogen distributions, the percent change for the difference 
(PCD) between experimental and theoretical distributions was cal¬ 
culated according to the following equation (Eq. (2)): 

pCDfC/) = (Experimental yield ~ Theoretical yield) 

^ c ' Theoretical yield 

As shown in Table 2, as a direct comparison, the deviations were 
less for CF/lignite compared to PY-CF/lignite at all pyrolysis tem¬ 
peratures, indicating increased interactions occurred between PY- 
CF and lignite than those between CF and lignite during co-pyroly- 
sis. The negative PCD values of char-N and (HCN + NH 3 )-N for CF/ 
lignite and PY-CF/lignite reveal that the addition of both raw bio¬ 
mass and the biochar decreased the nitrogen partitioning of 
char-N and (HCN + NH 3 )-N. The deviation increased with increas¬ 
ing pyrolysis temperature for char-N and (HCN + NH 3 )-N from 
PY-CF/lignite pyrolysis while for CF/lignite pyrolysis, only the devi¬ 
ation of char-N increased with the increasing temperature. Com¬ 
pared to theoretical char-N yields, the PCD values increased from 
12.2 to 30.0% for PY-CF/lignite and 9.7 to 21.3% for CF/lignite, 
respectively. 

The interactions within CF/lignite and PY-CF/lignite during 
combustion processes were also studied and similar interactions 
were observed between CF and lignite, and PY-CF and lignite (Liu 
and Balasubramanian, 2013a). However, it is clear that more signif¬ 
icant interactions occurred between PY-CF and lignite than that be¬ 
tween CF and lignite during co-pyrolysis in this study. Therefore, 
different interactions are present between biochar and lignite con¬ 
cerning their thermal conversion and the nitrogen partitioning of 
the blend. Moreover, the difference also implies the complex nat¬ 
ure of interactions and the overall interactions require further 
investigations. 

The above analysis confirmed that the significant interactions 
resulting from the addition of PY-CF to lignite suppressed the con¬ 
version from fuel-N to HCN and NH 3 (the precursors of NO x and 
N 2 0), promoted the fuel-N partitioning of harmless N 2 , indicating 
the additional environmental benefits from pyrolysis of biochar/ 
lignite than that of raw biomass/lignite. 

4. Conclusion 

HCN was the dominant nitrogen containing pollutant from raw 
biomass pyrolysis while the yield of NH 3 was slightly higher than 
that of HCN from biochar pyrolysis. Compared to raw biomass, 
the biochar produced less HCN and NH 3 and a higher percent of 
nitrogen retained in the char. Synergistic interactions were ob¬ 
served within both raw biomass/lignite and biochar/lignite blends, 
resulting in decreased char-N and (HCN + NH 3 )-N yields, and 
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